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The primary structure of a triple-helical domain of collagen type VIII 
from bovine Descemet”s membrane 
We have isolated and sequenced a fragment of 469 amino acid residues from bovine type VIII collagen. The sequence was composed of a series 
af Gly-X-Y repeats which was interrupted 8 times by short imperfections. The number and relative location of these interruptions were similar 
to those of chicken al(X) and rabbit cll(VIII) chain triple-helical domains. Comparison to published N-terminal sequences to two triple-helical 
fragments of bovine type VIII collagen and to the cDNA derived sequence of the rabbit al(VII1) chain showed that this fragment was the triple- 
helical domain of a second type VIII collagen chain which we designate E~(VIII), 
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Collagen type VIII was first identified as a product of 
cultured bovine aortic endothelial cells fl] and rabbit 
carneal endothelial cells [2]. Only proliferating but not 
quiescent, confluent cells were found to synthesize this 
collagen [3,4]. The distribution of type VIII collagen in 
connective tissues is not yet ciear f&6]. A major source 
for the isolation of collagen VIII in the adult is 
Descemet’s rn~rnbr~e~ a specialized basement mem- 
brane separating corneal endotheli~m from comeal 
stroma [7,8f. 
The first model of type VIII colIagen by Benya [2] 
and Sage et al. IS,91 proposed ahomot~me~c molecule 
of MI 560000 in which three short triple-helical do- 
mains were connected in tandem by short non-triple- 
helical domains. This cassette model has been challeng- 
ed by Benya nd Padilla [lo], who concluded from their 
results that type VIII collagen is a short chain collagen 
consisting of three chains with Mr 61000 each. The lat- 
ter model was ~~~fi~ed by cloning and ~~e~~~~g of 
a eI3NA encoding the rabbit acI(VIII) chain [ 113. The 
derived amino acid sequence contained a tripfe-helical 
dom~n of 454 residues flanked by a non-helical N- 
terminal domain of II7 residues (NC2) and a non- 
helical C-termindl domain of 173 residues (NCI). The 
C-terminal non-triple helical domain was strongly 
homologous to a similar domain in chicken al(X), 
another short chain collagen, Furthermore, both triple- 
helical domains howed eight short imperfections ofthe 
C’ur~~.&~nce &&x~: K. Mann, Mu-planck-Ins~t~t fiir Eio- 
chemie, Abt. ~j~d~g~websf~s~~ng, D-8033 Martins&xl, FRG 
Gfy-X-Y triplet structure in the same relative locations 
within rul(VII1) and arl(X) chains. In the present paper 
we describe the structure of the triple-he~c~ domain of 
a second chain, (r2(VIII), from bovine Descemet’s 
membrane. 
2. MATERXALS AND METHODS 
The type VIII c&agcn ~jpl~be~j~ domain was pm%& &am pep- 
sin treated bovine Descemet’s membrane as in fl2j. To separate the 
subunits, the purified preparations were heated to 60°C for 30 min in 
& M gttanine, 0.1 M Tris, pH g.5, then acidified with trifluoroacetic 
acid to pH 2 and finally subjected to reversed phase HPLC (Vydac 
Cl& 4.6 x 250 mm column) using 0.I % tr~~uor~cetic acid (solvent 
A) and 0.1% trifluoroacetic acid in 70% acet~nj~~le (solvent B). The 
gradient was from 0% to 30% B in 10 min and then 30% to 5Oofo B
in 80 min, the flow rate was 0.5 m&in throughout. The separated 
chains were identified and checked for purity by sequencing the N- 
termini. The recovery was determined by amino acid analysis. 
The &(VIII) fragment was cleaved with Ckwtridium ht~tolytkwn 
colIagenase (Worthington), clostripain (Calbiochem), Achrmto- 
b&w lyths lysyl endopeptldase (Wake) and ~~d~~o~~~?~~~ en- 
doproteinase Asp-N (choir M~nhe~m) at an e~e~subs~~e 
ratio of 1: 50 (w’w~. The m&ion buffer was 0.2 M ammoulum bicar- 
bonate containing I mM ~~~othr~tol with clostrlpain. Reaction 
temperature was .ZQC; reactgon time was I h with collagenase and IS 
h with the other enzymes. Proteolysis was stop~d by acidification to 
pH 2 w&h triffuoroacetic acid and irnrn~~te sep~a~on of the reac- 
tion products. 
Endoproteinase Asp-N digests were sepmated by reversed phase 
HPLC using the column and solvents as described above with a linear 
gradient from 0% to 60% 33 in 160 min at a flow rate of 0.25 ml/min. 
Collagenase and clostripain cleavage products were first separated on 
a Mono-Q HR 5/5 column {Pharmacia-LKB) equilibrated with 0.1% 
trifluoroacetic acid titrated to pH 2.5 with N&H. After washing the 
coiumn for 10 min with the same solvent (s&vent A) bound fragments 
were eiuted with O-f% ~~~~roa~tIc acid containing 2 M NaCf fsol- 
vent B) using a linear gmdient from 0% to 50% B in 60 min at a flow 
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rate of 0.5 ml/min. Pools of fragments were then further separated by 
reversed phase HPLC as above. Lysyl endopeptidase digests were 
separated by sire exclusion chromatography on a TSK G3000 SW col- 
umn (7.5 x 600 mm, Pharmacia-LKB) in a solvent containing 0.2 M 
ammonium acetate and 0.1% trifluoroacetic acid at a flow rate of 
0.15 mI/min. Some of these lysyl endopeptidase derived fragments 
were further degraded with a second enzyme as described for whole 
chains. The products were separated by reversed phase HPLC as 
above. 
Amino acid analyses were performed after hydrolysis with 6 M HCl 
for 24 h at 110°C on a Biotronik LC5000 analyser. For sequence 
analysis we used gas-liquid phase sequencers (Applied Biosystems, 
model 470A and 473A) following the manufacturers instructions. 
3. RESULTS AND DISCUSSION 
The starting material for this investigation was the 
triple-helical domain previously described as the major 
product from pepsin cleavage of type VIII collagen 
[8,12]. After denaturation two chains were separated by 
HPLC and identified by their N-terminal sequences as 
the a2(VIII) (50K-A) and cul(VII1) (50K-B) fragments 
first described by Kapoor et al. [8] (Fig. 1). The ratio of 
(~l(VI11) to (~2(VI11) varied between 1.5 and 2 in dif- 
ferent preparations. Because the (~l(VI11) chain had 
recently been sequenced at the cDNA level [ 1 l] we con- 
centrated our efforts on the cu2(VIII) fragment. 
The fragment was first cleaved with bacterial col- 
lagenase. The complex mixture of degradation products 
was separated on a Mono-S column (Fig. 2,1) and the 
pools obtained were rechromatographed by reversed 
phase HPLC. As examples we show the chromatograms 
of pools A and I (Fig. 2, II, III, C-peptides in Fig. 3). 
A second cleavage was performed with clostripain. The 
degradation products were again separated with the two 
step procedure (Cl peptides in Fig. 3). In addition it 
seas necessary to cleave the fragment with lysyl en- 
dopeptidase. These degradation products were sepa- 
rated according to size with gel permeation HPLC and 
yielded two large peptides (EL/l and EL/2), a short 
peptide (EL/5) and the C-terminal (EL/4) and N- 
terminal (EL/3) peptides with 44 and 53 amino acid 
residues, respectively (Fig. 3). The C- and N-terminal 
peptides were, however, only partially separated and 
had to be rechromatographed on a Mono-S ion- 
exchange column. Due to the lack of positively charged 
residues the C-terminal peptide did not bind to this col- 
umn under the conditions used. By sequencing the 
shorter peptides and the N-termini of the larger ones, 
we could assemble large blocks of continuous se- 
quences. To fill the remaining gaps, two large lysyl en- 
dopeptidase derived peptides (EL/l and EL/2) as well 
as the entire triple-helical fragment were cleaved with 
clostripain and endoprotease Asp-N (EL/Cl, EL/EA 
and EA peptides in Fig. 3). Edman degradation of these 
peptides, separated by reversed phase HPLC, com- 
pleted the amino acid sequence of the a2(VIII) frag- 
ment. 
flulion tome. min 
Fig. 1. HPLC separation of (ul(VIII) and rz2(VIII) chains after pepsin 
extraction and denaturation. The products were identified by N- 
terminal sequencing. The two peaks denoted ‘A’ contained the pure 
triple-helical region of the ~2 chain, the two peaks denoted ‘B’ con- 
tained the pure triple-helical region of the al chain. The designation 
A and B refers to the sequences in [8]. The reason for the splitting into 
double peaks is not known. Gel electrophoresis did not show any dif- 
ference in mobility (not shown). Higher column temperatures did not 
change this peak pattern. 
The fragment contains a triple-helical stretch of 460 
amino acid residues flanked by short non-triple helical 
remnants of the N- and C-terminal globular domains 
which were destroyed during pepsin extraction of 
0.16 
I 
0 
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Fig. 2. The separation of the colIagenase digest of the cul(VIII) triple- 
helical fragment on a Mono-S column (I) and further separation of 
the peptides in pool A (II) and pool I (II) by reversed phase HPLC. 
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Fig. 3. The sequence of the (u2(VIII) chain triple-helical domain. Ar- 
rows denote the start and the end of the triple-helical domain. Inter- 
ruptions of the regular triplet repeat structure are boxed. For 
nomenclature of peptides ee text. Peptide lines ending with an arrow 
were peptides which were not sequenced to the C-terminus. Dots over 
F denote hydroxyproline, X denotes unidentified residues. C, Cl, EL 
and EA denote peptides derived from collagenase, clostripain, lysyl 
endopeptidase and endoprot~na~ Asp-N cleavages of the fragment, 
Descemet’s membrane. By comparison with the 
published cDNA derived sequence of the rabbit 
a?l(VIII) chain [ll] this represents the entire triple- 
helical domain of the a2(VIII) chain. The triple-helical 
sequence is interrupted by 8 short imperfections 
(Fig. 3). Six of them were of the type Gly-X-Gly and 
two of the type Gly-X-Y-X-Y-Gly; these imperfections 
were probably generated by deletion of a residue in X or 
Y position and by deletion of a glycyl residue, respec- 
tively. 
Collagens undergo post-tra~lation~ modifications, 
such as hydroxylation of prop@ and lysyl residues in the 
Y-position of the Gly-X-Y triplet and glycosylation of 
the hydroxylysyl residues. All prolines in Y position 
were found to be completely hydraxylated with the only 
exception of proline-415, which was hydroxylated to 
only 50%. The question as ta what extent the lysine 
residues in position Y are hydroxylated and additionally 
glycosylated cannot be answered directly. Glycosylated 
hydroxylys~~ are not detected uring Edman degrada- 
tion and a gap appears instead of the respective 
~he~ylthiohyd~toin derivative. Ten gaps designated in 
Fig. 3 as X have been observed during sequence 
analyses. Since this number correlates well with the 
number of hydroxylysine residues present in the 
LY;?(VIII) fragment (Table I) we assume that all X’s are 
occupied by a glycosylated hydroxylysine. Only one 
non-modified lysine was found in a Y-position (ly- 
sine-201). 
Yamaguchi et aI_ [IIf have previously noted the 
similarity between the rabbit ~ul(VI11) chain and the 
chicken @l(X) chain. Comparison of the cu2offII) se- 
quence to sequences in the MIPSX Database (F, Pfeif- 
fer, Martinsried Institute of Protein Sequences) by the 
FASTP program [13] revealed an identity of 58-59% 
with both chicken crl(X) and rabbit al(VII1). The 
similarity to other collagens was 45-50010. It is striking 
that the two mammalian type VIII triple-helical do- 
mains were no more similar to each other than each of 
them was to the chicken type X triple-helical domain. 
The fact that the 8 triple-helical imperfections are 
conserved in all three a-chains shows the implant of 
this structural feature which introduces flexibility to the 
rigid triple-helix. As far as the imperfections are con- 
cerned, the cu2(VIII) chain is more similar to al(X) than 
to al(VII1) since two of the three imperfections of the 
larger type Gly-X-Y-X-Y-Gly found in type X [14] were 
matched by similar imperfections in tu2(VIII). Only one 
was substituted by the short type Gly-X-Gly which is the 
only type found in cul(VII1). Most af the imperfections 
in aI three chains were foilowed by a lysyl residue. This 
is similar to type IV collagen, another collagen with fre- 
quent interruptions [IS]. 
Table I 
The amino acid composition of the &?(VIII) triple-hekal domain 
Residues/molecule 
A B 
Asp/Asn 14 15* 3 
Thr 10 9* 1 
Ser 7 84 2 
Glu/Oln 33 36* 4 
Pr0 49 51* 7 
HYP 76 79* 8 
GlY 159 142 f 16 
Ala 22 26zk 3 
Val 13 I4* 2 
Met 2 0 
Ile 7 8-+ 1 
Leu 33 352 4 
TYr 1 o-1 
Phe 5 6* f 
His 2 4rt 2 
I..YS 10 8f 2 
HYl - 9rt 1 
Ar8 16 16+ 2 
X 10 
Cumparisoa of the composition deduced from the sequence {A) to 
that found with amino acid analyses (3, with standard deviation). X 
denotes ~id~ti~ed residues in Fig. 2. 
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lxZ(VIII) 
""'8"'8G~PGL~GP~ ---GEGKVGEPGVAGPTGPPGVPC 
PGIPGPKGEPGLPGPPGFPGVGKPGVAGLHGPPGKPGALG 
II 0 PGAPGAKGEAGAPGLPGPAGiVTKGLRGPMGPlGPPGPKG 
Fig. 4. Alignment of the triple-helical domains of e2(V1@, cyl(VIII) and @I(X). Double bars denote imperfections of the Gly-X-Y repeat collagtm 
structure. Residues identical in all three chains are boxed (with the exception of glycines). *denotes non-identical but similar residues (charged aa, 
aromatic aa, etc.) in all three sequences. Modified residues are not indicated because the comparison is to ONA-derived sequences. The numbering 
of (ul(VIII) and al(X) residues is according to [l l] and [14], respectively. 
The nature of the 10 unidentified residues in Fig. 3 
was previously discussed. Seven of them match with 
lysines in the Y-position in the cDNA derived sequences 
from both other chains, supporting our identification 
as glyeosylated hy~oxylysines (Fig, 4). Most of these 
modified lysines in all 3 chains are followed by a 
negatively charged amino acid in position X of the next 
triplet. Such clusters were also found in other collagens 
(see type VI collagen as an example [16]). Another well- 
preserved feature of all 3 chains is the block of Gly-Pro- 
Hyp triplets at the C-terminal end. Similar blocks have 
also been found in several other cohagens and are sup- 
posed to serve as nucleation centres in helix formation 
and to stabilize the end region of the triple helix 
[ 17- 191. All 3 chains contain more hydroxyproliue than 
proline. This is similar to type IV collagen and different 
from the fiber-forming collagens [ 151. The hydroxyl 
group of 4-hydrox~roline in position Y stabilizes the 
tripfe-he&al structure [20] and the high content of this 
residue may thus compensate for the presence of the 8 
non-triple-helical interruptions. 
Comparison of our results with those of Yamaguchi 
et al. [l l] shows that we have sequenced the triple- 
helical domain of a second chain of type VIII collagen, 
(r2(VIII). The similarity of the triple-helical areas of 
af(VII1) and cuZ(VII1) in length, Iocation and number 
of imperfections suggests that both chains together 
form the 120-140 mn long triple helical domain [12] of 
171 
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the molecule. The fact that we have not found any 
evidence for another chain as well as our observation 
that the ratio of cul(VIII):cu2(VIII) is between 1.5 and 2, 
speaks for a chain composition of (~l(VIII)]2[cu2(VIII)] 
for the type VIII collagen molecule. 
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